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Summary
Osteoarthritis (OA) has been characterized as a slowly evolving degenerative disease affecting cartilage and bone, with a multifactorial
etiology that may differ depending on the joint site. Because OA has been considered a disease of the elderly, few population-based studies
have examined its frequency and characteristics in persons under the age of 45.
Objective: In this cross-sectional study, we examined X-rays of both knees and the dominant hand in a population of younger black and white
pre- and perimenopausal women in southeastern Michigan (N=1053) for evidence of osteoarthritis, and reported these outcomes according
to the risk factors of age, body size, injury, and smoking behavior.
Design: Sixteen joints of the dominant hand as well as both knee joints (weight bearing) were evaluated using the Kellgren and Lawrence
Atlas of Standard Radiographs of Arthritis.
Results: By age 40, radiographically-defined osteoarthritis emerges in both the hands and knees. These age characteristics are observed
in both black and white women, however prevalence of knee OA was higher in black females (23.1%) compared with white females (8.5%),
and although prevalence of hand OA was more comparable between black (25.5%) and white females (19.2%), the joint sites affected
differed. The major risk factors reported in studies of older populations are present in this younger population where OA is newly emerging.
Conclusions: This study provides strong evidence that primary prevention of OA must be implemented in young adulthood to curtail the
emergence of radiographically-defined OA at the mid-life. © 2000 OsteoArthritis Research Society International
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Osteoarthritis (OA) and other disorders of the musculo-
skeletal system are the most frequently reported causes of
impairment affecting the adult population of the United
States.1–4 OA has been considered a disease of the
elderly; consequently, few population-based studies have
examined the frequency and characteristics of OA in
persons under the age of 45.
The most recent US population-based studies of radio-
graphic osteoarthritis of the hand (OAH) in younger age
groups were undertaken in the 1960s and 1970s.5–10
However, these studies typically included enrollees up to
ages 80–90 years, a limited number of enrollees in the
younger age ranges, and, typically, characterized only
white populations. Furthermore, there were substantially
fewer studies of osteoarthritis of the knee (OAK) as com-
pared to OAH, albeit OAK is more likely to be associated
with functional limitation than is OAH. The last US
population-based prevalence study of OAK in younger age
groups which included adequate numbers to provide
reliable estimates, was the first National Health and
Nutrition Examination Survey (NHANES I) of 1971–1975.1169In the subsequent 25–30 year time span since these last
population-based studies, the average age of the popul-
ation has grown older and measures of body size have
increased.12 In that these are two major risk factors for OA,
it is likely that the prevalence of OA in the general popu-
lation has increased and that the levels previously identified
are dated.
The time course and natural history for the development
of OA has not been well established, and studies to date
have not established whether the time course for the
development of OA differs according to joint site. Osteo-
arthritis has been characterized as a slowly evolving
degenerative disease affecting cartilage and bone that, like
other chronic non-infectious diseases, has a multifactorial
etiology, and therefore may be preventable by risk factor
modification.13 Current thinking suggests that the etiology
of OA may differ depending on the joint site,14 and that OA
is not a single disorder but a heterogeneous group of
disorders with a final common pathway of joint damage.15
The cross-sectional nature of most epidemiologic
studies of OA makes it difficult to discern whether the
presence of OA and the study of associated risk factors
reflects disease initiation or progression. However, the
study of OA prevalence in a relatively younger population
makes it less likely that evidence of OA will be due to
disease progression. In this study, we examined X-rays of
both knees and the dominant hand in a population of
younger black and white pre- and perimenopausal women
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comes have been reported according to the risk factors of
age, body size, injury, and smoking behavior.16–19
This study examines the following questions: (1) Is the
pattern of OAH and OAK involvement in specific joints in
this younger population of pre- and perimenopausal
women consistent with the pattern of involvement in older
populations of postmenopausal women? (2) Are the major
risk factors for OA observed in older populations the same
risk factors for OA in this younger population? And, (3) Are
there differences between black and white women in the
presentation and risk factors for OA?Materials and methodsFig. 1.STUDY POPULATION
This cross-sectional study of OA was generated from
concatenation of data from pre- and perimenopausal
women enrolled in two studies, the Michigan Bone Health
Study and the Study of Women’s Health Across the Nation
(SWAN). This report reflects the radiographic data from 543
women of the SWAN Study (Michigan Center) and the 511
women of the Michigan Bone Health Study (MBHS) who
participated in the 1996 annual examination of both popu-
lations (N=1053). One woman from MBHS was eliminated
from this analysis due to radiographic findings consistent
with rheumatoid arthritis. The SWAN Study at Michigan is apopulation-based longitudinal study of African-American
and Caucasian women transitioning the mid-life and
includes a study of osteoarthritis as a site-specific study.
The MBHS is a population-based longitudinal study of
musculoskeletal disease development in pre- and peri-
menopausal Caucasian women. Figure 1 shows the nature
of the population studied.
Enrollees in the Michigan Center of the SWAN Study
were derived from a household census of two communities
located within 20 miles of Detroit, Michigan. The initial
census identified 24,283 households in the communities;
SWAN Study personnel conducted 20-min telephone or
in-person interviews with 2621 women between the ages of
40–55 (representing 65% of the eligible women). From this
sample, there were 754 women eligible for the longitudinal
study, and study personnel enrolled 72% of the women
(N=543). These enrollees met the age (42–52 years),
menstrual status (menstrual bleeding within the previous
3 months and without the use of hormone replacement
therapy), and ethnicity type and proportion specified by the
Study protocol (African American and Caucasian in a 2:1
ratio). A site-specific study of radiographically determined
osteoarthritis in pre- and perimenopausal women aged
42–52 years was implemented in this SWAN longitudinal
population in 1996/97.
The Michigan Bone Health Study (MBHS) was organized
in 1988 by one of the authors (MFS) to describe the natural
history of peak bone mass and the factors contributing to
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described.20 The sample was derived from combining two
sampling frames. The first frame was a list of pre-
menopausal female offspring (aged 24–44 years in 1992)
who were identified from the family records of participants
in the historical Tecumseh Community Health Study
(TCHS) organized in 1959–1960, and consists of 80% of
eligible enrollees. The second frame was a community
census in 1992 that identified additional women who had
become residents since the initial family census in 1959–
1960. The first X-ray examination for OA in the MBHS
population was conducted in 1992. A second X-ray exami-
nation for OA was conducted in 1996, a time frame parallel
with the SWAN osteoarthritis site-specific study. Women
who participated in the 1996 X-ray evaluation of the MBHS
were included in this analysis.21 Of the 664 women
recruited into the MBHS Study, 511 women had X-rays, 56
refused participation, three participated in study measure-
ments but did not have X-rays taken, and 94 were not
measured due to pregnancy, death, moving, or ill health.MEASUREMENTSOsteoarthritis
During the 1996 examinations in both the Michigan Bone
Health and the SWAN Studies, posteroanterior radiographs
were taken of the dominant hand and weight-bearing
anteroposterior radiographs were taken of both knees.
Evaluation for OA was implemented simultaneously from
X-rays of both study populations and by the same readers.
Sixteen joints of the dominant hand (distal interphalangeal,
proximal interphalangeal, metacarpal-phalangeal, inter-
phalangeal joint of the thumb, thumb carpometacarpal, and
radiocarpal) as well as both knee joints (weight bearing)
were evaluated by at least two out of three of the authors
(DJ, MH and MFS) using the Kellgren and Lawrence
system shown in the Atlas of Standard Radiographs of
Arthritis.22 Methods for standardization and reading of the
X-rays have been previously described.21
There were 18,086 joints with perfect concordance and
912 joints that required re-reading and/or consensus evalu-
ation. With re-reading and consensus evaluation, there
was no disagreement between the two readers. Kappa
statistics were calculated to quantify the extent to which
the observed agreement between the two film readers
exceeded that which would have been expected by chance
alone. Because the percent agreement might be high due
to the relative absence of women without radiographically
defined OA in this sample, we calculated the percent
agreement using as a denominator only women who were
labeled with OA by at least one observer.23 Frequency of
agreement between the initial score and the consensus
score was almost evenly divided among the readers.of c=1.0 indicates perfect detectability.Other measures
Height (cm) and weight (kg) were measured using a
stadiometer and standardized balance-beam scale,
respectively. Body mass index (BMI) was calculated as
weight (kg)/height (m2).
Evaluations included administration of health and behav-
ior questionnaires that inquired about smoking habits and
history of injury. Smoking behavior was divided into three
categories: current smoker, previous smoker, and never
smoked. To ascertain previous injury, participants wereasked if they had ever had a serious injury to their hands or
wrists. This same question was asked separately for knee
injury. Previous injury was divided into two categories:
previous injury and no previous injury.DATA ANALYSIS
OA was defined for each individual according to the
presence or absence of at least one joint with a Kellgren
and Lawrence grade of 2 or greater (in the hand and/or in
the knee). Individuals were defined as having OAH if they
had arthritis in any hand joint, OAK if they had arthritis in
either or both knees. Joint space narrowing was not evalu-
ated separately due to the low prevalence (2%) of women
with a Kellgren and Lawrence grade greater than 2. Indi-
viduals had arthritis if there was evidence of OA in either
knee or any joint of the dominant hand.
Prevalence of OA was defined using the number of
existing cases as the numerator, and the 1996 population
for the SWAN (N=543) and MBHS (N=510) popu-
lations combined as the denominator. This combined
population will be referred to as the Southeast Michigan
Population. Ninety-five percent confidence intervals were
placed around the prevalence measures.
Patterns of OAH prevalence were examined for clusters
such as rows of joints, including the distal interphalangeal
(DIP) joints, which involve the same joint across digits; and
rays of joints, which involve different joints in the same digit.
The prevalence estimates for OA in both knees, the right
knee, the left knee, and OA in both hand and knee joints
were also calculated. Prevalence of both hand and knee
OA required OA in any hand joint along with OA in either
knee joint.
Univariate statistics and distributions of all variables
were examined for normality. Due to the non-normal distri-
butions of some of the variables under study, non-
parametric statistics were used to analyze the data.
Medians and ranges were reported as measures of central
tendency and dispersion according to age and body size
consistent with the underlying distributions. The mean
values in the parametric analyses were comparable to the
median values in the non-parametric analyses. The statisti-
cal significance was evaluated with a two-sided Wilcoxon
test.
Bivariate associations between BMI and OA were
examined in the overall population, and in the stratified age
groups (≥40 and <40).
Logistic regression analyses were used to evaluate the
probability that having (prevalent) OA was related to age,
BMI, previous injury, and smoking behavior, adjusting for
race/ethnicity and study (MBHS or SWAN). To assess the
fit of the models, the Hosmer-Lemeshow goodness of fit
statistic was used to test the hypothesis that model fit could
have been achieved by chance alone.24 Receiver operator
characteristic (ROC) curves were constructed, and the
areas under the curve were estimated to assess the
predictability of the models.25 A receiver operator charac-
teristics (ROC) approach was used to characterize the
ability of the model to predict the binary response variable
(the presence or absence of OA). The ROC approach
characterizes and quantifies area under the curve and
describes the predictability of the model for the binary
variable (‘no OA’ vs. ‘OA’). A value of c=0.5 indicates no
detectability, and reflects chance alone; in contrast, a value
13
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The age-specific prevalence estimates for overall OAH
and various aspects of hand joints in this population are
shown in Table I. By the ages of 35–39 years, there was
some evidence of OA in hand joints (1.3%). However, in the
40–44 years age group, the OAH prevalence increased to
13.5%. In the 45–49 years age group, OAH prevalence had
doubled to 25.1% of the women, and in the 50–53 years
age group, OAH prevalence was 41.1%.
The frequency of OA in rows of joints and rays of joints of
the hand were characterized as shown in Table 1. The
frequency of OA in the hand joints was ordered: DIP joints,
MCP joints, and then the PIP joints, except in the 50–53
years age group where the ordering was: DIP joints, PIP
joints and then the MCP joints, an ordering more frequently
seen in the elderly. There was an age-related increase in
prevalence observed in each ray.
Analyses of differences based on race/ethnicity for those
in the population aged 42–53, the age range that includes
both black (43%) and white (57%) participants, showed that
the overall prevalence for hand joints was similar for black
and white females (Table II). The prevalence of OA in
specific joints of the hand was similar with a single excep-
tion. Black females had a much higher prevalence of OAH
in the MCP joints (11.7%) compared with white females
(2.6%, P=0.001).OSTEOARTHRITIS OF THE KNEE (OAK)
The prevalence and 95% confidence intervals for age-
specific groups of OAK are reported in Table III. Also shownare the prevalence estimates for OA the knees, each knee,
and the frequency in which OA is observed simultaneously
in both hand and knee joints. There was little evidence of
OAK in women less than 40 years old (<1.4%). However,
the prevalence was 15.0%, 13.3%, and 14.3% in the
40–44, 45–49, and 50–53 years age groups, respectively.
Approximately 6% of women between the ages of 45–53
had OA in both knee joints.
Prevalence for overall OAK was significantly higher in
black females (23.1%) compared with white females
(8.5%). These differences in knee OA were consistent in
separate analysis of the left knee, right knee, and both
knees (P=0.001 in all analyses; Table IV).BOTH OAH AND OAK
Only 3.0% of those in the 40–44 years age group had
OA simultaneously in both a hand and knee joints.
However, this pattern of presentation increased with
age (4.8% and 7.1% for ages 45–49 and 50–53 years,
respectively).
There was a difference between black and white females
related to the combined presentation of OA in both hand
and knee joints (Table IV). Black females were more likely
to have OA in both hand and knee joints (8.0%) compared
with white females (1.6%, P=0.001).Prevalence according to major risk factorsTable I
Joint-specific prevalence/100 of radiographic osteoarthritis of the hand (OAH) by age group
Age
group
N OAH DIP PIP MCP CMC Wrist Ray1 Ray2 Ray3 Ray4 Ray5
27–53 1053 16.4 10.4 3.9 4.8 2.1 0.2 2.8 6.7 5.8 2.1 5.9
27–34 73 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
35–39 149 1.3 0.7 0.0 0.0 0.0 0.7 0.0 0.7 0.7 0.0 0.0
40–44 400 13.5 8.3 3.0 4.5 1.3 0.0 2.8 6.5 4.3 1.5 5.0
45–49 375 25.1 16.8 5.6 7.5 4.0 0.3 3.5 10.1 9.6 3.5 8.8
50–53 56 41.1 23.2 14.3 8.9 3.6 0.0 10.7 10.7 12.5 5.4 16.1Table II
Joint-specific prevalence/100 of radiographic osteoarthritis of the hand (OAH) in women aged ≥40 (N=831) by
race/ethnicity
Black females ages ≥40
(N=325)
White females ages ≥40
(N=506)
Total population ages ≥40
(N=831)
Prevalence/100 (95% CI) Prevalence/100 (95% CI) Prevalence/100 (95% CI)
OAH 25.5 (20.8, 30.3) 17.4 (14.1, 20.7) 20.6 (17.8, 23.3)
DIP 13.9 (10.1, 17.6) 12.6 (9.8, 15.5) 13.1 (10.8, 15.4)
PIP 5.9 (3.3, 8.4) 4.3 (2.6, 6.1) 4.9 (3.5, 6.4)
MCP 11.7 (8.2,15.2) 2.6 (1.2, 3.9) 6.1 (4.5, 7.8)
CMC-1 3.4 (1.4, 5.4) 2.2 (0.9, 3.4) 2.6 (1.6, 3.7)
Wrist 0.0 — 0.2 (−0.2, 0.6) 0.1 (0.0, 0.4)
Ray1 5.2 (2.8, 11.7) 2.6 (1.2, 3.9) 3.6 (2.3, 4.9)
Ray2 8.6 (5.6,11.7) 8.3 (5.9, 10.7) 8.4 (6.5, 10.3)
Ray3 9.2 (6.1, 12.4) 5.9 (3.9, 8.0) 7.2 (5.5, 9.0)
Ray4 3.7 (1.6, 5.7) 2.0 (0.8, 3.2) 2.6 (1.6, 3.7)
Ray5 9.5 (6.3, 12.7) 6.1 (4.0, 8.2) 7.5 (5.7, 9.2)Body mass index. On average, women with OAH were
much more heavy than those who did not have OAH, as
seen in Table V. The odds of having OAH increased 5% for
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previous knee injury, self-report of race, and smoking
behavior. For the 10-unit increase in BMI there is a 56%
greater odds of having OAH.
Among women with OAK, the BMI values were much
higher than those who did not have OAK (Table V). There
was a 14% increase in OAK with every single unit increase
in BMI after adjustment for age, previous knee injury,
self-report of race, and smoking behavior (Table VI). There
is a 10 BMI unit difference in those with and without OAK in
the overall population (see Table V). This 10 BMI unit
increase would be associated with a 3.7 times greater
likelihood of having OAK based on the adjusted model.Age. The prevalence of radiographically-defined OAH had
become important by age 40 in this population. The odds of
having OAH increased 25% for each one year increase in
age (shown in the adjusted analysis, Table VI).
Similarly, the prevalence of radiographically-defined
OAK had become important by age 40; however, preva-
lence did not increase between the ages of 40 and 52.
Additionally, age was not significantly associated with OAK
after adjusting for the influence of other risk factors.Table III
Prevalence/100 of OAK and OA of the hand and knee in the southeast Michigan population of women, aged 27–53
Age
group
N OAK
prevalence (P)/100
Right knee
prevalence (P)/100
Left knee
prevalence (P)/100
Both knees
prevalence (P)/100
Both hand and knee
prevalence (P)/100
P (95% CI) P (95% CI) P (95% CI) P (95% CI) P (95% CI)
27–53 1053 11.49 (9.56, 13.42) 8.93 (7.20, 10.65) 7.98 (6.34, 9.61) 5.41 (4.05, 6.78) 3.22 (2.16, 4.30)
27–34 73 1.37 (−1.30, 4.04) 0.0 — 1.37 (−1.30, 4.04) 0.0 — 0.0 —
35–39 149 1.34 (−0.51, 3.19) 0.67 (−0.64, 1.98) 1.34 (−0.51, 3.19) 0.67 (−0.64, 1.98) 0.0 —
40–44 400 15.00 (11.50, 18.50) 12.00 (8.82, 15.18) 10.50 (7.50, 13.50) 7.50 (4.92, 10.08) 3.00 (1.33, 4.67)
45–49 375 13.33 (9.89, 16.77) 10.40 (7.31, 13.49) 9.07 (6.16, 11.97) 6.13 (3.70, 8.56) 4.80 (2.64, 6.96)
50–53 56 14.29 (5.12, 23.45) 10.71 (2.61, 18.82) 8.93 (1.46, 16.40) 5.36 (−0.54, 11.25) 7.14 (0.40, 13.89)Table IV
Joint-specific prevalence/100 of radiographic osteoarthritis of the knee (OAK) and OA of the knee and hand in
women aged ≥40 (N=831) by race/ethnicity
Black females
Ages ≥40 (N=325)
Prevalence/100 (95% CI)
White females
Ages ≥40 (N=506)
Prevalence/100 (95% CI)
Total population
Ages ≥40 (N=831)
Prevalence/100 95%
OAK 23.1 (18.5, 27.7) 8.5 (6.1, 10.9) 14.2 (11.8, 16.6)
Right knee 19.1 (14.8, 23.4) 6.1 (4.0, 8.2) 11.2 (9.0, 13.3)
Left knee 16.0 (12.0, 20.0) 5.7 (3.7, 7.8) 9.7 (7.7, 11.8)
Both knees 12.0 (8.5, 15.5) 3.4 (1.8, 4.9) 6.7 (5.0, 8.4)
OAK and OAH 8.0 (5.1, 11.0) 1.6 (0.5, 2.7) 4.1 (2.7, 5.4)Table V
A comparison of body mass index (BMI) between OA and no OA groups by the overall population and by age
stratified groups
BMI (kg/m2)
P-value*
OAH
N (%)
OAH
Median (Range)
No OAH
Median (Range)
Overall Analysis
Ages 27–53 (N=1053) 172 (16.3%) 32.26 (17.25–56.09) 27.81 (15.91–56.00) 0.0001
Stratified Analysis
Ages <40 (N=222) 2 (0.9%) 33.2 (25.8–40.5) 25.3 (17.4–48.5) 0.0939
Ages ≥40 (N=831) 170 (20.6%) 32.3 (17.3–56.1) 28.9 (15.9–56.0) 0.0001
OAK OAK No OAK
N (%) Median (Range) Median (Range) P-value*
Overall Analysis
Ages 27–53 (N=1053) 121 (11.5%) 37.14 (20.85–56.09) 27.70 (15.91–54.41) 0.0001
Stratified Analysis
Ages <40 (N=222) 3 (1.4%) 38.7 (26.0–39.8) 25.2 (17.4–48.5) 0.0095
Ages ≥40 (N=831) 118 (14.2%) 37.1 (20.9–56.1) 28.4 (15.9–54.4) 0.0001
*Wilcoxon 2-Sample test P<0.05.Injury. The report of a previous serious hand injury was not
significantly associated with OAH after adjusting for the
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who reported a previous injury had a 90% greater odds of
having OAK, compared with those who did not report a
previous injury in the adjusted analyses (Table VI).Smoking. There was no association between smoking
cigarettes and either OAH or OAK, before or after adjusting
for other covariates (Table VI).OVERALL MODELS
In the adjusted analyses (shown in Table VI), the models
that assessed the probability of having OAH or OAK
included age, BMI, report of serious injury, and smoking
as explanatory variables and race/ethnicity and study
designation as covariates. For the OAH model, the
Hosmer-Lemeshow goodness of fit test rejected the
hypothesis that model fit was by chance alone (P=0.73).
The area under the curve was 0.78. For the OAK model,
the Hosmer-Lemeshow statistic was 9.02 (P=0.34) and the
area under the curve was 0.82.Discussion
This study provides a comprehensive contemporary
description of OAH and OAK in women aged 25–55 years
of age. The major findings are as follows. First, by age 40,
radiographically-defined OA is present in both the hands
and knees in over 13 percent of these women. However,
the prevalence pattern following this emergence is different
for hand and knee OA. While the prevalence of OAH
continues to rapidly increase, the prevalence of OAK
remains constant through the age groups we examined.
Second, these age characteristics are observed in both
black and white women. Third, the major risk factors
reported in studies of older populations are present in this
younger population where radiographically-defined OA is
newly emerging.
There are relatively few studies that can address the
emergence of OA. We identified that OAH prevalence
increased dramatically in the 40–45 year old age group
when OAH prevalence increased ten-fold from 1.3% in the
35–39 year old women. This increasing prevalence patternwas also observed in the Dutch Zoertermeer study of 3476
women aged 20–80+.26 We observed this rapid emer-
gence in both hand and knee joints. This suggests the
importance of developing primary prevention strategies for
implementation prior to the age of 40.Table VI
Logistic models: risk factors associated with OAH and OAK showing unadjusted and adjusted prevalence odds ratios
OAH OAK
Unadjusted models Adjusted models* Unadjusted models Adjusted models*
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Median (IQR)
Age 44 (5) 1.27 (1.21, 1.34) 1.25 (1.19, 1.33) 1.11 (1.06, 1.17) 1.04 (0.98, 1.11)
BMI 28.4 (10.6) 1.07 (1.04, 1.09) 1.05 (1.03, 1.08) 1.15 (1.12, 1.18) 1.14 (1.10, 1.17)
N (%)
Previous hand injury 240 (23%) 1.54 (1.07, 2.22) 1.33 (0.89, 1.97) — — — —
Previous knee injury 183 (17%) — — — — 2.37 (1.55, 3.62) 1.90 (1.17, 3.07)
Race/Ethnicity
Black 728 (69%) 2.43 (1.74, 3.39) 1.20 (83, 1.74) 4.45 (3.00, 6.60) 2.96 (1.70, 5.16)
White 325 (31%) — — — — — — — —
Smoking Behavior
Ever smoked 133 (13%) 1.52 (0.95, 2.43) 0.94 (0.56, 1.57) 1.67 (0.99, 2.81) 0.88 (0.48, 1.61)
Currently smoke 250 (24%) 1.25 (0.85, 1.84) 1.28 (0.84, 1.96) 1.06 (0.67, 1.69) 1.00 (0.59, 1.68)
*All variables are adjusted for every other variable in the model and study (MBHS or SWAN) using multiple variable logistic regression.
**IQR=Interquartile Range.OA AND RACE/ETHNICITY
Relatively little is known about either OAH or OAK
presentation in black populations, particularly American
black populations. For example, population-based geo-
graphical surveys have been performed among black indi-
viduals in Nigeria, Liberia, and in Soweto and Phokeng in
South Africa. Lawrence and Sebo27 combined X-rays from
these studies with X-rays from European population-based
studies, mixed the X-rays, and blindly reassessed them for
osteoarthritis. They found significantly lower rates of osteo-
arthritis of the hands and feet in all black populations, even
with adjustment for age. In contrast, these same investi-
gators found that Jamaican blacks, the only black study
group with knee X-rays, had a significantly higher OAK
prevalence than European whites in the same age group.27
We found that the patterns of emerging OA at age 40 are
consistently observed in both black and white enrollees in
this study. Furthermore, the patterns of somnolent OAK
prevalence and increasing OAH prevalence are also con-
sistently observed in the black and white enrollees. Com-
parability with this finding is difficult to ascertain in the other
study of radiographic OA in American blacks. Our study
used the more conventional methodology incorporating
weight-bearing radiographs, whereas the 1971–1973
NHANES I used radiographs of non-weight-bearing knee
joints. The validity of the NHANES I prevalence has been
questioned.28
We found the prevalences of knee OA were higher for
black women compared to white women. These differences
remained significant adjusted for age, BMI, previous injury,
and smoking behavior. This is consistent with the NHANES
I population (ages 25–74 years) where black females had
an increased risk of OAK compared with white females,
even after controlling for age and weight.29
Although we observed the overall prevalence of OAH
was similar between black and white women in this study,
the joint distribution is different. There was a markedly
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black females. For other joints of the hand, OA presentation
is similar in black and white women.
Further study is necessary to gain insight into underlying
factors for the observed difference in OAK between black
and white women that remains after adjusting for age, body
size, injury, and smoking behavior. Biologically, bone
mineral density may provide more information regarding
structural differences that may give rise to these different
patterns. It will also be important to evaluate occupation
and other sources of wear and tear that might lead to
different patterns of OA presentation.WEIGHT AND BODY MASS INDEX
Population-based studies of OA have shown an associ-
ation between obesity and OA at the knee19,26,30–32 and,
less consistently, between obesity and OA of the hand
joints in women. There is an ongoing debate as to the
contribution of more local biomechanical factors vs more
systemic or metabolic factors associated with obesity.33
This is particularly true in relating obesity to OAH.
Findings of Davis et al.33 indicated that BMI was a
more important predictor of OAK than total body weight or
upper arm muscularity. However, as these authors and
others17,34,35 have pointed out, the mechanical load on
joints is not only a function of ponderal mass but also other
biomechanical forces across the joint. In the knee, over-
weight can also be associated with medial load displace-
ment, depending upon the strength of the counteracting
lateral muscles.
The importance of obesity as a risk factor may be a
function of the amount of obesity, the distribution of the
adipose tissue as well as the timing with respect to the
onset of OA. For example, although Carman, Sowers, and
colleagues17 found an association between BMI and OAH
risk, they did not find an association between weight gain
and increased risk of OAH in their 23-year follow-up period
in the Tecumseh population.
Our findings show that BMI is an important factor related
to both OAH and OAK prevalence in this population. This
association between BMI and OA outcomes remains sig-
nificant after adjusting for age, previous injury, smoking
behavior, and race/ethnicity. In our population, median BMI
was significantly greater for black females compared with
white females. For OAK outcomes, where both BMI and
race/ethnicity were significant factors associated with hav-
ing OAK, interaction between BMI and race/ethnicity was
tested in the model. However, this interaction term was not
significant at the =0.05 level.PREVIOUS JOINT INJURY
Experimental studies in a variety of animal models have
induced osteoarthritis through meniscus and cruciate liga-
ment tears36 and orthopedic follow-up studies of post-
meniscectomy patients and patients after anterior cruciate
ligament tears have shown a high rate of later knee
OA.37,38 Davis and colleagues31 analyzed the NHANES I
data and found an association between history of knee
injury and OAK.
Sports injuries have shown mixed associations with OA.
For instance, engaging in sports in and of itself has not
been linked with OA outcomes.39 Investigations of soccer
players40 and runners41–43 have not shown an associationbetween engaging in these sports and OA outcomes.
However, in American football players, where injury is
common, an association has been found with radiographic
OA.44 Our results support previous research findings indi-
cating a relationship between previous trauma to the joint
for OAK outcomes, but not OAH outcomes.SMOKING
Our findings do not show an association between
smoking cigarettes for either outcomes of OAH or OAK.
Being either a current smoker or an ex-smoker was not
significantly associated, either positively or negatively with
OAH or OAK outcomes in our population. In other studies,
the role of smoking in relation to OA has been difficult to
define consistently. Some previous studies, including the
NHANES I Study29 and the Framingham Study,19,45 have
reported that OA is less frequent in those who smoke
cigarettes. In the NHANES-I population, a protective effect
was found for smoking in the unadjusted analysis, however,
after adjusting for age, weight, and other variables there
was no longer an association between smoking and OA. In
the Chingford Study,46 investigators found no significant
association between smoking and risk of radiographic OA
for any of the sites investigated, although there was a
positive association with Heberden’s nodes.OA MEASUREMENT
Lateral knee radiographs were not obtained in this study,
precluding examination of the patellofemoral compartment.
Many epidemiologic studies, including this one, are limited
to radiographs exhibiting OA in the tibiofemoral compart-
ment only. As case definitions for OA are being examined to
fully capture those factors associated with pain as well as
osteophytes, sclerosis, and joint space narrowing, there is
a growing interest in imaging all compartments of the knee
joint.Summary
This study suggests that radiographically-defined OA of
the hand and knee is common in women after the age of 40
and that the emergence of OA occurs rapidly between 35
and 40 years. This is true in black and white women.
Furthermore, there is rapid involvement of hand joints
through the mid-life but a pattern of prevalence stabilization
for the knee joints during this mid-life period. Differences in
prevalence and presentation of OA between black and
white women, even after adjusting for the known risk
factors of obesity, injury, smoking and age suggested that
there are factors currently not being considered that may
have an impact on OA prevalence. This study provides
strong evidence that primary prevention of OA must be
implemented in young adulthood to curtail the emergence
of radiographically-defined OA at the mid-life. Furthermore,
radiographically-defined OA affects a substantial proportion
of women at the midlife, suggesting that efforts to curtail the
progression of OA might profitably be addressed during this
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